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Hydroxyaromatic compounds at ppb levels in water were
determined with cloud point preconcentration followed by
high-performance liquid chromatography (HPLC) with
UV absorption detection. The extraction efficiencies and
preconcentration factors of cloud point extraction were
enhanced by the addition of neutral electrolytes to the
micellar solutions. This method was applied to the
determination of hydroxyaromatic compounds at ppm
levels in commercial dyestuffs. The dyestuff was dissolved
in water and pre-cleaned with a SAX cartridge packed
with an anion-exchange resin; the effluent was then
analyzed using the proposed cloud-point
preconcentration, with subsequent determination by
HPLC.
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The isolation and identification of hydroxyaromatic compounds
are of great importance owing to their wide applications in
pharmaceuticals, dyes, pesticides and foods. The impact of
hydroxyaromatic compounds on the environment is subject to
increasing attention. The US Environmental Protection Agency
(EPA) lists 11 substituted phenols as ‘priority pollutants.’1
Much research has been devoted to these phenolic substances2–8
and many chromatographic separation and detection systems
have been tested. However, the separation and determination of
other toxic substituted hydroxyaromatic compounds9 [e.g.,
2,7-dihydroxynaphthalene (2,7-DHNA), 4,4A-dihydroxybiphe-
nyl (4,4A-DHBP), 5-hydroxy-1,4-naphthoquinone (5-HNQ),
2-hydroxynaphthalene (2-HNA) and 1-hydroxynaphthalene
(1-HNA)] have received little attention. D&C Orange No.4
(Orange II, Colour Index No. 15510) is a synthetic monoazo dye
prepared by coupling a diazotized sulfonic acid with a
2-hydroxynaphthalene. The dyestuff is permitted for use in the
USA in externally applied drugs and in cosmetics.10 The
content of 2-hydroxynaphthalene in D&C Orange No.4 is
limited to 0.2% by specifications of the Code of Federal
Regulation.11 Therefore, for user protection, an accurate and
relatively simple analytical method has to be used to detect
hydroxyaromatic compounds in this dyestuff.
Aqueous solutions of non-ionic surfactants become turbid
when they are heated above the temperature known as the cloud
point.12,13 The solution is then separated into two isotropic
phases, i.e., a surfactant-rich phase and a bulk aqueous phase.
The hydrophobic solutes can be enriched into the surfactant-rich
phase. The small volume of the surfactant-rich phase obtained
with this methodology permits the design of extraction schemes
that are simple, cheap and less toxic than extraction with organic
solvents and that provides results comparable to those obtained
by other separation techniques. Comprehensive reviews of the
theory and applications of surfactant-mediated separations in
analytical chemistry are available.14,15 The cloud point method-
ology has recently been applied to the preconcentration of a
wide range of analytes as a step prior to their determination by
HPLC.16–23
It is important to stress that the presence or addition of other
materials can alter the cloud point of a given non-ionic
surfactant. Many publications14,24,25 have reported the salting-
out of the surfactant or lowering of the cloud point by the added
inorganic salts, as would be expected by the competition for
water due to the hydration of the inorganic salts. The effects of
the cation and anion in the electrolyte are additive and appear to
depend on the radius of the hydrated ion, that is, the lyotropic
number. The smaller the radius of the hydrated ion, the greater
is the effect. In this paper, we propose that not only do the
neutral electrolytes decrease the cloud point of the surfactant
solutions, but also they can enhance the extraction efficiency
and preconcentration factor of the cloud point methodology.
When cloud point preconcentration prior to HPLC analysis is
used, the significant limitations are the high background
absorbance in the UV region and the lengthy operating time
required for total elution of the surfactant injected. Several ways
to overcome this problem have been proposed: Saitoh and
Hinze.16 used the zwitterionic surfactants 3-(nonyldimethyl-
ammonium)propyl sulfate (C9APSO4) and 3-(decyldimethyl-
ammonium)propyl sulfate (C10APSO4) which do not absorb at
the customary working wavelengths in HPLC, Pinto et al.17,20
used electrochemical detection owing to the electrodic in-
activity of commercially available surfactants such as Triton X-
114, and Ferrer et al.23 used a clean-up step with a silica gel
column to remove the surfactant before sample injection.
We first investigated the enrichment of five hydroxyaromatic
compounds at ppb levels in water by cloud point preconcentra-
tion, with subsequent determination by HPLC with UV
absorption detection. The chromatographic conditions were
optimized to separate the analyte compounds from the surfac-
tant and to shorten the separation time. A simple method to
determine hydroxyaromatic compounds at ppm levels in
dyestuff samples, based on clean-up with an SAX cartridge
packed with an anion-exchange resin,26 followed by cloud point
preconcentration and determination by HPLC was developed.
Experimental
Reagents
Analytical-reagent grade 2,7-dihydroxynaphthalene
(2,7-DHNA), 4,4A-dihydroxybiphenyl (4,4A-DHBP) and 5-hy-
droxy-1,4-naphthoquinone (5-HNQ) were purchased from
Tokyo Chemical Industry (Tokyo, Japan); 2-hydroxynaphtha-
lene (2-HNA) and 1-hydroxynaphthalene (1-HNA) were ob-
tained from Riedel-de Hae¨n (Seelze, Germany). The non-ionic
surfactant Triton X-114 was obtained from Fluka (Buchs,
Switzerland) and used without further purification. LC-grade
sodium acetate was obtained from Fisher Scientific (Fairlawn,
NJ, USA) and acetonitrile from Tedia (Fairfield, OH, USA).
The neutral electrolytes, sodium sulfate, sodium chloride and
sodium nitrate were purchased from Merck (Darmstadt, Ger-
many). De-ionized water was purified in a Milli-Q filtration
system (Millipore, Bedford, MA, USA) to obtain LC-grade
water for preparing mobile phases and standard solutions.
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Apparatus
The HPLC system, assembled from modular components
(Waters, Milford, MA, USA), consisted of a Model 600E pump,
a Model 486 UV detector and a Model 715 automatic sampler.
The analytical column was a 4 mm Nova-Pak Phenyl column (75
mm 3 3.9 mm id) (Waters), and a 4 mm Nova-Pak C18 column
(15 cm 3 3.9 mm id) (Waters) was used for confirmation
experiments. A Millennium workstation (Waters) was utilized
to control the system and for acquisition and analysis of data.
Cloud point preconcentration was carried out in a YSC P610
water-bath (Yeong Shin, Hsinchu, Taiwan). A Hettich Tut-
tlingen, (Germany) universal centrifuge was used to separate
the surfactant-rich phase from the aqueous phase during cloud
point preconcentration.
Standards and samples
Stock standard solutions were prepared by weighing the
hydroxyaromatic compounds and dissolving them in methanol.
A working composite standard solution was prepared by
combining an aliquot of each of the stock standard solutions and
diluting the mixture with water. These solutions were stored in
dark glass bottles at 4 °C.
Dyestuff samples of three kinds (D&C Orange No.4, Sunset
Yellow FCF and Tartrazine) were used (Tokyo Chemical
Industry). The dyestuff (0.1 g) was weighed into a calibrated
flask (100 ml), water (about 50 ml) was added and the solid was
dissolved completely with ultrasonic vibration. For recovery
tests, a suitable aliquot of the standard solution of the
hydroxyaromatic compounds was added to the dyestuff solu-
tion.
Procedure
Cloud point preconcentration
Aliquots of 10.0 ml of the cold solutions containing the analytes
(1–1000 ng ml21) and electrolytes (0.01–1.20 m) in 0.2% Triton
X-114 were used. The contents were mixed well using a vortex
mixer for 1 min and then incubated in a water-bath at 40 °C for
5 min. The micellar sample solutions were centrifuged at 3500
rpm for 5 min (without temperature control). The supernatant
aqueous phase was removed with a Pasteur pipette and the
surfactant-rich phase was transferred to the samples vials of the
autosampler with a 100 ml micro-transferpettor, then the sample
(10 ml) was injected into the chromatographic system by the
automatic sampler.
HPLC operating conditions
The operating conditions for the HPLC system are given in
Table 1. The mobile phase was a mixture of acetonitrile and 0.1
m acetate buffer (pH 4.66). The gradient elution mode
confirmed that the analytes were eluted and separated in the first
10 min and the Triton X-114 was eluted after 10 min.
Determination of hydroxyaromatic compounds in dyestuff
samples
Large amounts of co-existing dyestuff would interfere with the
analysis. A disposable SAX cartridge (3 ml volume tube
containing 500 mg of SAX sorbent, Analytichem International,
Habor City, CA, USA) was used as a clean-up filter. The
dyestuff solution (exactly 10 ml) was passed through the SAX
cartridge and the effluent collected. By this means, whereas
hydroxyaromatic compounds passed unretained through the
SAX cartridge, dyestuff components were absorbed. To
minimize losses of hydroxyaromatic compounds caused by
partial absorption on the SAX cartridge, the cartridge was then
eluted with 4 ml of 0.1 m acetate buffer (pH 4.66) and the eluate
was collected. This eluate and the earlier effluent were
combined and mixed. An aliquot of the mixed solution (10 ml)
was then enriched with cloud point methodology and analyzed
in the manner described above.
Results and discussion
Chromatographic behavior of the surfactant
Fig. 1(a) shows the chromatogram obtained by injecting 10 ml of
the surfactant-rich phase after cloud point separation and using
isocratic elution with acetonitrile–0.1 m acetate buffer (pH 4.66)
(22 : 78 v/v). The Triton X-114 shows an appreciable signal
after 230 min, and it is not totally eluted even after 600 min. It
takes a long time for the chromatographic analysis, although the
hydroxyaromatic compounds studied are separated and detected
within the first 10 min.
Fig. 1(b) shows the chromatogram of the surfactant-rich
phase (10 ml) after cloud point separation with gradient elution
Table 1 HPLC operating conditions
Column Nova-Pak Phenyl, 75 mm 3 3.9 mm id, 4 mm
Flow rate 1.0 ml21 min21
UV detector 254 nm
Mobile phase* Gradient elution—
Time/min A (%) B (%) Curve†
22 78
8 22 78 11
14 100 0 1
20 22 78 1
* The mobile phase was composed of (A) acetonitrile and (B) 0.1 m
acetate buffer (pH 4.66). † 1, Immediately goes to specified conditions; 11,
maintains start conditions until the next step.
Fig. 1 Chromatograms obtained by the injection of surfactant-rich phases
after cloud point separation with (a) isocratic elution and (b) gradient
elution. For other experimental conditions, see text. Peaks: 1 = 2,7-DHNA;
2 = 4,4A-DHBP; 3 = 5-HNQ; 4 = 2-HNA; 5 = 1-HNA.
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(conditions as specified in Table 1). The hydroxyaromatic
compounds were isolated in the first 10 min and the main
ingredient of the surfactant eluted between 12 and 15 min.
Cloud point preconcentration and liquid chromatographic
analysis
The cloud point temperature is roughly constant (23–25 °C) in
the range of surfactant concentration 0.2–5%, thus facilitating
experimentation. Fig. 2 compares the chromatograms obtained
by injecting hydroxyaromatic compound standard solution (1
ppm, 10 ml) and by injecting the surfactant-rich phase (10 ml)
which was obtained by cloud point preconcentration of the
hydroxyaromatic compound standard solution (1 ppm, 10 ml)
with 0.2% Triton X-114. The improvement in sensitivity after
cloud point preconcentration was very significant. The theoret-
ical preconcentration factor for the 0.2% Triton X-114 solution
was 100, which was calculated as the ratio of the volume of
solution used for extraction to the volume of the surfactant-rich
phase.27
The influence of the temperature of cloud point preconcentra-
tion was studied. The surfactant-rich phase was separated
effectively from the aqueous phase by centrifuging at 3500 rpm
for 5 min after cloud point preconcentration at 40 °C. When the
preconcentration proceeded at 60 °C, the phase separation was
not complete even after centrifuging for 15 min. The volumes of
the surfactant-rich phase were 0.1 and 0.06 ml for extraction at
40 °C (centrifuged for 5 min) and at 60 °C (centrifuged for 10
min), respectively. The peak area of the analytes in the
chromatogram for extraction at 60 °C (centrifuged for 10 min)
is approximately 60% of the peak area for extraction at 40 °C
(centrifuged for 5 min). The reason for the decreased volume of
surfactant-rich phase with extraction at 60 °C is partially the
incomplete separation of the two phases. These results indicate
that the effectiveness of the phase separation and the enhance-
ment factors (the ratio of peak intensities with and without
preconcentration) are not improved by increasing the tem-
perature of cloud point preconcentration from 40 to 60 °C.
Therefore, the preconcentration was performed at 40 °C in
subsequent work. This temperature (40 °C) is also the
temperature most commonly used for cloud point preconcentra-
tion with Triton X-114 by other investigators.17–20,23
Solution pH is an important factor in those cloud point
extractions involving analytes that possess an acidic or basic
moiety.28 The variation of the extraction efficiency of the
hydroxyaromatic compounds is almost negligible when the
solution pH is varied from 3 to 7, where the hydroxyaromatic
compounds are not ionized.
It is well known that the cloud point of a given non-ionic
surfactant decreases on addition of large amounts of electro-
lytes.14,16,22,29,30 Some studies28,29 have revealed that there is
no difference in the extent of extraction when electrolytes are
added to the micellar solution during cloud point extraction. On
the other hand, it has been claimed22,30 that the phase separation
of the sample solution and the extraction efficiency of the
analytes were improved by adding electrolytes.
Fig. 3 shows that the peak areas of the analytes increase with
increase in the concentration of the electrolytes, and the lower
the lyotropic number of the electrolytes, the greater is the effect.
The anionic lyotropic numbers of NaNO3, NaCl and Na2SO4 are
11.6, 10.0 and 2.0, respectively.31 The enhancement factors for
addition of different electrolytes in 0.2% Triton X-114 solutions
are given in Table 2. The amount of hydroxyaromatic
compounds extracted into the surfactant-rich phase depends on
the hydrophobicity of the analytes. The enhancement factors
were improved significantly (more than doubled) with the
addition of 0.25 m Na2SO4 to the surfactant solutions. The
Fig. 2 Chromatograms of hydroxyaromatic compound standards (1 ppm)
(a) without and (b) with cloud point preconcentration of 10 ml of the sample
with 0.2% Triton X-114. Chromatographic conditions as described under
Experimental. Peak assignments as in Fig. 1.
Fig. 3 Effect of concentration of (a) NaNO3, (b) NaCl and (c) Na2SO4 on
the peak area using cloud point methodology. For other experimental
conditions, see text. Peak assignments as in Fig. 1.
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enhancement factor for a few compounds is greater than the
theoretical preconcentration factor. The reason for the greater
enhancement factor than the theoretical preconcentration factor
(increase in sensitivity) can probably be attributed to the
modification of the environment of the mobile phase by the
surfactant when the analytes reach the detector.19,20,27
The linearity of the method was tested by analyzing
hydroxyaromatic compounds standard solutions in the range
5–1000 ng ml21 with 0.2% Triton X-114. The relationship
between peak area and concentration of the analyte was linear
over the entire range (the correlation coefficient of the
regression lines exceeded 0.9991). The precision of the method
was calculated with a sample solution spiked at 5 ng ml21 and
the relative standard deviations (RSDs) were between 1.9 and
7.4% (n = 5). The method detection limits for these
hydroxyaromatic compounds were 0.8–1.8 ng ml21 (Table 3),
and were improved to 0.1–0.7 ng ml21 by adding 0.25 m
Na2SO4 to the surfactant solutions (Table 3).
Determination of hydroxyaromatic compounds in dyestuff
samples
A disposable SAX cartridge was used as a clean-up filter,
followed by cloud point preconcentration and determination by
HPLC. As shown in Table 4, the recovery of hydroxyaromatic
compounds from spiked dyestuffs was excellent (86–106%).
The RSD of the mean was < 6%.
The method detection limits of this procedure were 0.6
(2,7-DHNA), 0.5 (4,4A-DHBP), 1.2 (5-HNQ), 0.5 (2-HNA) and
0.8 mg g21 (1-HNA) and were improved by the addition of 0.25
m Na2SO4 to 0.2, 0.3, 0.3, 0.5 and 0.4 mg g21, respectively. The
detection limits were measured with a concentration equivalent
to three times the standard deviation of replicate measurements
(n = 7) of the analytes in the dyestuff sample (Sunset Yellow
FCF). The proportion of hydroxyaromatic compounds in
dyestuffs for drug and cosmetic use is limited to 0.2% according
to the US Code of Federal Regulations.11 The proposed method
is capable of determining hydroxyaromatic compounds at
concentrations much lower than the regulatory limits.
The utility of the method was confirmed by the analysis of
D&C Orange No. 4. Representative chromatograms obtained
from analysis of a standard (100 mg l21) and sample are shown
in Fig. 4(a) and (b), respectively. As the hydroxyaromatic
compounds were well isolated from other dyestuff components,
the presence of a peak with the retention time (7.467 min) of a
hydroxyaromatic compound (2-HNA) gave a presumptive test
for its presence. The possible presence of 2-HNA in this dye
was further confirmed using a column of varied polarity (C18
column), with a retention time of 2-NHA of 20.725 min. The
concentration of 2-HNA in this dye was 214 ± 5 mg g21. This
value was obtained from triplicate determinations based on a
calibration graph. The concentration of 2-HNA in this dye
determined by the standard additions method was 218 mg g21,
which is very close to the value obtained from the calibration
graph.
Table 2 Enhancement factors* for the different electrolytes in 0.2% Triton
X-114 solutions
Compound Addition of electrolyte
None NaNO3† NaCl‡ Na2SO4§
2,7-DHNA 45 61 105 103
4,4A-DHBP 60 77 126 127
5-HNQ 15 17 41 42
2-HNA 60 79 128 130
1-HNA 72 94 149 155
* Ratio of peak intensities with and without the preconcentration
step. † 1.20 m NaNO3 added to the surfactant solutions. ‡ 1.20 m NaCl
added to the surfactant solutions. § 0.25 m Na2SO4 added to the surfactant
solutions.
Table 3 Limits of detection* (ng ml21) for the different electrolytes in 0.2%
Triton X-114 solutions
Compound Addition of electrolyte
None NaCl† Na2SO4‡
2,7-DHNA 1.3 1.0 0.5
4,4A-DHBP 1.2 0.3 0.1
5-HNQ 1.7 0.3 0.7
2-HNA 0.8 0.5 0.3
1-HNA 1.8 1.0 0.7
* Calculated as three times the standard deviation of replicate measure-
ments (n = 7) of the analytes. † 1.20 m NaCl added to the surfactant
solutions. ‡ 0.25 m Na2SO4 added to the surfactant solutions.
Table 4 Recoveries (%)* of selected hydroxyaromatic compounds added to
commercial dyes†
Compound Sunset Yellow FCF Tartrazine
10 mg g21 100 mg g21 10 mg g21 100 mg g21
2,7-DHNA 98 ± 2 105 ± 1 91 ± 2 88 ± 3
4,4A-DHBP 100 ± 5 103 ± 1 94 ± 4 87 ± 3
5-HNQ 88 ± 6 106 ± 3 90 ± 3 86 ± 1
2-HNA 104 ± 4 104 ± 2 102 ± 1 98 ± 2
1-HNA 103 ± 3 99 ± 3 103 ± 3 95 ± 2
* Average value and standard deviation of triplicate runs. † The
dyestuff solutions (0.1 g per 100 ml) were processed as described under
Experimental.
Fig. 4 Chromatograms of (a) a 100 ng ml21 hydroxyaromatic compound
standard solution and (b) a dye sample (D&C Orange No. 4), after clean-up
on an SAX cartridge, followed the cloud point preconcentration with 0.2%
Triton X-114 and separation on a Nova-Pak Phenyl column. For other
experimental conditions, see text. Peak assignments as in Fig. 1.
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Conclusions
Hydroxyaromatic compounds in water at ppb levels can be
determined by cloud point preconcentration with Triton X-114,
followed by HPLC with UV absorption detection.
This method was applied to the determination of hydroxyaro-
matic compounds at ppm levels in commercial dyestuffs.
Because of the presence of dyestuff components at relatively
high concentrations, it was necessary to introduce a clean-up
step to remove dyestuff compounds from aqueous samples. An
anion-exchange cartridge (SAX) was used for the clean-up of
aqueous dyestuff samples prior to the cloud point preconcentra-
tion and determination procedures.
The addition of the electrolytes to the micellar solutions
enhanced the extraction efficiency and preconcentration factors
of the cloud point methodology; the lower the lyotropic number
of the electrolytes, the greater is the effect.
Cloud point extraction offers a simple alternative to other
separation and/or preconcentration techniques. It provides
several advantages, including safety, low cost, the ability to
concentrate a variety of analytes and the possibility of enhanced
detection limits owing to the modification of the micro-
environment of the analytes by the surfactant. Optimizing the
chromatographic conditions can overcome the limitations of the
high UV background absorbance and the lengthy operating
time. The proposed method allows the simple, rapid and
simultaneous determination of hydroxyaromatic compounds,
and is expected to be suitable for routine analyses.
This work was supported by the National Science Council of the
Republic of China (NSC 87-2113-M-007-042).
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